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future research
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el ISA-Pol: Measurement benefits of 3-arms
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Three interferometers!

Instantaneous measurement of
both polarization states and
increased signal-to-noise

Null channel to monitor average
low frequency instrument noise



eLISA-Pol: Science Gain from 3-arms

- More Sources

* x3 Extreme Mass Ratio Inspirals
e x2 Galactic Binaries
e x10 Low Mass Seed Black Holes

- Better Measurements

« x1.5 Well Localized Galactic Binaries
e x7  Well Localized Massive Black Hole Mergers
e x5 Black Hole Systems with Precise Spin Determination

- Wider Discovery Space

* Enable the unambiguous detection of a stochastic background

* Confident detection and characterization of exotic signals



2010's: The Decade of Gravitational Waves

® RB|CEP2 detection in 2014

® | |GO/Virgo detection in ~ 2016

® [PTA detectionin ~ 2018




LIGO sensitivity over time
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Cumulative # NS-NS detections

LIGO/Virgo Prediction
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RMS Residual (us)

IPTA Pulsars

Pulsar Timing in hot pursurt

1000 ¢

100

10

100 ns

0.1

0.01
1975

1980 1985 1990 1995 2000 2005 2010

Year

2004 2006 2008 2010 2012

Year



RMS Residual (us)

IPTA Pulsars

Pulsar Timing in hot pursurt

1000 ¢ ! I ! ! ! ! ]
100

10

100 ns

0.1

001 a ; s s a ;
1975 1980 1985 1990 1995 2000 2005 2010

Year
Likely detection with ~40 pulsars at ~100 ns timing accuracy

55 I I I I I

50
45
40
35
30
25

20

2004 2006 2008 2010 2012

Year



Pulsar Timing: NANOGrav Prediction
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Refreshing and Expanding the Science Case

Fertile areas for study
(aka, pages from my last four grant proposals that NASA declined to fund)

BH Parameter Estimation

Fully consistent BH IMR waveforms, precession + higher harmonics now possible
using the minimal rotation frame. Fast frequency domain implementation via the new
uniform SPA technique (Klein, Cornish & Yunes).

Unexpected Sources

Develop data analysis for un-modeled signals (e.g. bursts).
2 arm versus 3 arm performance

Intermediate Mass Black Holes

Can these play a larger role in the science case?
Constraints on population synthesis models? EM counterparts?
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Fertile areas for study

EMRI waveforms with resonances

Impact on detection algorithms and parameter estimation

Intermediate Mass Ratio Binaries

Hybrid waveforms (PN/Self Force)
Use in GR tests

Rare (yet loud) Galactic Binaries

Stellar BH-BH, BH-NS and NS-WD binaries

Overlap with LIGO/Virgo physics

Detect BH-BH binaries anywhere in galaxy for f > 0.5 mHz
Measure chirp mass of BH-BH binaries for f > | mHz
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